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[57] ABSTRACT

In a process for the manufacture of contact lenses, a poly-
merizable contact lens material is dispensed into a mould
halt (1) and the mould is subsequently closed by means of
the second mould half (2). The material located between the
two mould halves in the moulding cavity (12) is then
polymerized. thus forming an as yet unhydrated contact lens
(CL). The moulding surface of one of the two mould halves
(1. 2) 1s pre-treated. before use. in a region (20) outside the
optically active zone of the contact lens (CL) in such a
manner that, when the mould is opened, the contact lens
(CL) adheres to the pre-treated mould half.

16 Claims, 8 Drawing Sheets
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PROCESS AND APPARATUS FOR THE
MANUFACTURE OF A CONTACT LENS

This application is a continuation-in-part of application
Ser. No. 08/353.602. filed on Dec. 12. 1994, now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a process and an apparatus for
manufacturing a contact lens.

2. Description of the Related Art

In the manufacture of contact lenses by the so-called
full-mould process (casting process). contact lenses are
usually produced by dispensing a specific amount of a
polymerisable contact lens material into the female mould
half. The mould is then closed by putting on the male mould
half, a moulding cavity being enclosed between the two
moulding surfaces. In that moulding cavity there is the
previously dispensed contact lens material. which is poly-
merised to form an as yet unhydrated contact lens.
Subsequently. the mould is opened and the polymerised but
as yet unhydrated contact lens is removed and further
processed.

Unfortunately, it is not possible as a rule to predict

reliably to which of the two mould halves the contact lens
will adhere: in some cases it adheres to the male mould half

(mould half with the convex moulding surface) and. in
others. it stays in the female mould half (mould half with the

concave moulding surface). Neither case occurs with suffi-
cient frequency, however, to enable an essentially fully
automatic process to be tailored to one of those two cases.

The reasons for this lie inter alia in the manufacture of the
mould halves. Such mould halves are usually manufactured
by the injection-moulding process. The problems encoun-
tered with that process will be briefly explained using the
manufacture of the female mould half 1 as an example. In
mjection-moulding. mould inserts of the kind shown in FIG.
1 are usually used. Such mould inserts F1 belong to the state
of the art. The example shown here has the shape of a
mushroom. They are produced, for example, by means of the
turning technique. When turning the head K of the
mushroom, first the surface K1 is turned (FIG. 2). then the
surface K2 (FIG. 3). In so doing—because of turning with
a turning diamond D—a burr G1 or G2 (FIG. 2, FIG. 3) is
produced in each case. which has to be removed when the
turning process has been completed. Removal of the burr G1
or G2 is carried out, for example. with a cotton wool bud W
(FIG. 4). As a result., at the place where the burr has been
removed a rounded area R is produced which deviates from
the ideal. burr-free corner, said deviation from the ideal
shape being in the range of a few micrometers (FIG. 5). If
that mould insert F1 is then inserted and the female mould
half 1 is moulded around that mould insert, a projection 10
(F1G. 6), albeit a very small projection. is produced in that
area. Depending upon its size, however, when the mould
halves are opened that projection may have the result that the
lens remains in the female mould half because it catches on
the projection. or the lens may slide over the projection so
that it is found in the male mould half. It is almost impos-
sible to say which, certainly not with the reliability neces-
sary for an automated process. After opening of the mould,
therefore, a check must be made in every case to discover on
or in which mould half the polymerised but as yet unhy-
drated contact lens is located.

SUMMARY OF THE INVENTION

It is therefore desirable and accordingly is an object of the
present invention to provide a process and a corresponding
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2

apparatus with which the previously required check to
discover on or in which mould half the contact lens is
located after the mould has been opened can be omitted and
the process can nevertheless proceed automatically since it
can rehiably be assumed that the contact lens will adhere to
one of the two mould halves. One condition to be made here
is that the optically active region of the contact lens is not
affected by such measures since, otherwise, the optical
correction effect of the contact lens may be altered or the
contact lens may even become totally unusable.

With regard to the process. this object is achieved by
pre-treating the moulding surface of one of the two mould
halves. before use, in a region outside the optically active
zone of the contact lens in such a manner that. when the
mould is opened, the contact lens adheres to the pre-treated
mould half. That mould half together with the contact lens
can then be used automatically for the further processing of
the contact lens and. consequently. a check to discover on or
in which mould half the lens is located can be omitted. This
cnables the process to be further simplified, since the mould
half to which the contact lens adheres can be further pro-
cessed directly together with the contact lens adhering to it.
Since the contact lens furthermore adheres to the pre-treated
mould half only in a region outside its optically active
region, the optical effect of the contact lens is fully retained
in every case.

In a preferred variant of the process. the mould half is
pre-treated in the region in question by corona-discharge.
This pre-treatment is not complicated technically and
ensures secure adhesion of the contact lens to the mould half
in question.

Preferably, the male mould half is pre-treated since then
the further processing of the contact lens proves to be
especially simple. When the mould is opened, the contact
lens adhering to the male mould half is able to slide reliably
over the projection 10 (FIG. 6) of the female mould half
described at the beginning, and the further treatment process
can accordingly be tailored to the male mould half with the

contact lens adhering to it.

In another variant of the process. the unhydrated contact
lens adhering to the mould half is tempered in an additional
process step while the mould is still closed, the mould is
subsequently opened and then the mould half to which the
as yet unhydrated contact lens is adhering is passed to a
hydration station where the unhydrated contact lens is
detached from the mould half and hydrated. By tempering
the contact lens any stresses in the material can be relieved
and the polymerisation can be finally completed. During
hydration. the lens is detached from the mould half and
swelled.

In the case where the contact lens adheres to the male
mould half. in a further variant of the process the as yet
unhydrated contact lens adhering to the male mould half is
dyed in the iris region after opening of the mould. For dyeing
the as yet unhydrated contact lens the tampon printing
method is preferably used. which has already proved suc-
cesstul in the dyeing of contact lenses.

With regard to the apparatus, the problem of the invention
is solved by providing a device for the pre-treatment that
pre-treats the moulding surface of the one mould half in a
region outside the optical zone of the contact lens in such a
manner that, when the mould is opened. the contact lens
adheres to the pre-treated mould half. That mould half
together with the contact lens can then be used automatically
for the further processing of the contact lens and.
consequently, a check to discover on or in which mould half
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the lens is located can be omitted. This enables the apparatus
to be simplified, since the mould half to which the contact
lens adheres can be further processed directly together with
the contact lens adhering to it, that is to say, the apparatus
can be specifically tailored to the further processing of that
mould half. Since the contact lens furthermore adheres to the
pre-treated mould half only in a region outside its optical
region. the optical effect of the contact lens is fully retained
in every case. In a particularly preferred embodiment.
corona treatment of the mold half occurs in an area from the
edge of the optically active region to the edge of the contact
lens. Thus, in this embodiment, no corona treatment is
applied in the optically active region. Furthermore. no
corona treatment is applied in an area from the edge of the
lens to the edge of the mold half.

The are substantial advantages of treating only the lens
area of the mold. and in particular, only that portion of the
lens area which is outside the optically active area. First, the
molded contact lens will adhere consistently to the mold half
which is corona treated. Second. the optically active region
is not damaged because this area is not corona treated. Third.
the adhesion of flash (i.e.. excess polymer or overflow
outside the lens edge) to the mold half which retains the lens
is minimized by not corona freating the mold in the area
from the edge of the lens to the edge of the mold.

Therefore. this preferred embodiment of the present
invention achieves the following advantages simulta-

ncously:

encouraging consistent adhering of the contact lens to the
treated mold halif (i.e.. by treating in the area from the
optically active region to the lens edge)

inhibiting damage of the optically active region of the
contact lens surface, which damage may occur by the
corona treatment in the optically active region

reducing the likelihood of flash adherence to the lens-
retaining mold half (i.e.. by not treating in the area from
the lens edge to the mold edge)

Thus. a preferred embodiment of the invention is a
process for the manufacture of contact lenses, in which a
polymerizable contact lens material is dispensed into a mold
half, the mold half is subsequently closed by means of the
second mold half and then the material located between the
mold halves in the molding cavity is polymerized, thereby
forming a contact lens, which process includes: treating the
molding surface of one mold half. before dispensing poly-
merizable contact lens material, in a region extending from
the optically active zone to the edge of the contact lens, in
such a manner that, when the mold is opened, the contact
lens adheres to the pre-treated mold half.

In another embodiment of the invention, a first mold half
is treated as described hereinabove, while a second mold
half is corona treated in a region from the edge defining the
edge of the contact lens to the edge of the mold. Treatment
of this second mold half in this area causes flash to prefer-
entially adhere to this second mold half, while treatment of
the first mold half in the area defined hereinabove causes the
contact lens to preferentially adhere to the first mold half. In
a preferred embodiment. the first mold half is the female
mold half. which has a concave molding surface, while the
second mold half is the male mold half, which has a convex
molding surface. Thus, one embodiment of the invention 1s
a process for manufacturing contact lenses. which includes
the steps of:

(a) corona treating a first mold half in a region from the
edge which defines the optically active zone to the edge
which defines the contact lens edge; and
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(b) corona treating a second mold half in a region from the
edge which defines the contact lens edge to the edge of .

the second mold half.
In one advantageous example embodiment of the

apparatus. there is provided for the pre-treatment of the one
mould half a corona-treatment device comprising two elec-
trodes which are arranged at a distance from each other and
between which the mould half in question is arranged during
the pre-treatment. the electrode facing the moulding surface
of the mould half to be treated having an annular face which
extends substantially over the region that is to be treated of
the mould half. Thereby. the region outside the optically

active region i.e., optical zone is pre-treated in such a
manner that secure adhesion of the contact lens in the
pre-treated region is ensured. On the other hand. the contact
lens adheres to the pre-treated mould half only in a region
outside its optically active region. as a result of which the
optical effect of the contact lens is fully retained in every
case. In addition, the construction costs for such an appa-
ratus are low.

Preferably. the mould half to be treated is the male mould
half and the annular face of the electrode facing the moul-
ding surface is concave. This construction of the electrodes
ensures uniform adhesion of the contact lens to the male
mould half in the region outside the optically active region
and the optical effect of the contact lens therefore remains
unimpaired.

In another example embodiment of the apparatus, it hasa
tempering oven for the still closed mould with the unhy-
drated contact lens adhering to the one mould half, and a
hydration device for detaching and hydrating the as yet
unhydrated contact lens. By tempering the contact lens any
stresses in the material are relieved and the polymerisation
is finally completed. During hydration, the lens is detached
from the mould half and swelled.

The apparatus may further comprise a device for dyeing
which dyes the as yet unhydrated contact lens, adhering to
the male mould half. in its iris region. It is thereby possible
to manufacture contact lenses having a desired perceived
colour of the iris. A device comprising a dyeing tampon
which can be pressed onto the iris region of the contact lens
in order to dye that region is especially suitable for that

purpose.
BRIEF DESCRIPTION OF THE DRAWINGS

The prior art and the invention are described in detail
below with reference to the drawings. some of which are
schematic views and/or views in section and m which:

FIG. 1 shows a mould insert for an injection mould for the
manufacture of the female mould half according to the state
of the art,

FIG. 2 shows the detail I of FIG. 1 to illustrate the
production of one surface of the mould insert,

FIG. 3 shows the detail IIT of FIG. 1 to illustrate the
production of a further surface of the mould insert.

FIG. 4 shows the removal of the burr produced in the
production of the mould insert,

FIG. S shows the rounded area of the mould insert at the
place where the burr has been removed,

FIG. 6 shows a detail of the female mould half at the place
where the mould insert has the rounded area,

FIG. 7 shows a portion of an example embodiment of an
apparatus according to the invention for the pre-treatment of
the male mould half,

FIG. 8 shows an injection-moulding device for the manu-
facture of casting moulds which comprises an apparatus
according to the invention, and
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FIG. 9 to

FIG. 16 show a variant of the process according to the
invention with the individual process steps.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1-6 serve merely for a better illustration of the
problems encountered with the manufacture of contact
lenses in the full-mould process and originating in the
technique used for manufacturing the moulds. These prob-
lems have already been discussed at the beginning. During
turning of the surfaces K1 and K2. a burr G1 and G2.
respectively, 1s produced which is subsequently removed.
for example, with a cotton wool bud W. This produces the
rounded area R which. in the manufacture of the female
mould half 1. results in the projection 10. As already
explained at the beginning, when the mould is opened this
can result in the contact lens either adhering to the male
mould half or remaining in the female mould half owing to
the projection 10; it is not possible to say sufficiently
reliably.

By means of the portion of an example embodiment of the
apparatus according to the invention shown in FIG. 7 this
problem is eliminated and. in addition, it is ensured that the
optically active region of the contact lens remains unim-
paired. In FIG. 7, a generator 3 will be seen which is
connected to an electrode 4 and which supplies that elec-
trode 4 with high voltage. Also seen is a counter-electrode 5
which is arranged at a distance from the electrode connected
o the generator 3. Arranged in the space 45 between the
electrodes 4 and 3 is the mould half to be treated, in this case
a male mould half 2. The electrode 4 has an annular face 40
which extends substantially over the region 20 of the male
mould half 2 to be treated and is concave. Located on the
other side of the male mould half 2 is the convex counter-
electrode S.

In operation, the region 20 of the moulding surface of the
male mould half 2 is bombarded with electrons or ions
leaving the electrode 4 and impingeing on the region 20 of
the male mould half 2 and changing the charge in that
region. By that means there are produced on the surface of
non-polar materials, such as, for example, on the moulding
surface of polypropylene moulds. polar groups which ensure
the adhesion of the subsequently formed contact lens to that
surface. Suitable materials for the moulds are, for example,
also polystyrene, PMMA (polymethyl methacrylate) or
polycarbonate. Since only the region 20 that is not optically
active is bombarded, the subsequently formed contact lens
also adheres to the male mould half 2 only in that region 20.

For the pre-treatment of the male mould half 2 it is
possible to use customary commercial corona-discharge
devices. for example the device with the type name HS
020/600 produced by Arcotec. The bombardment time may
be. for example, about one second, the frequency may be in
the range of about 20 kHz to 40 kHz and the voltage between
the electrodes may be approximately from 10 kV to 20 kV.
These values are. however, to be regarded merely as
examples and other parameters are also possible. The elec-
trode 4. which is connected to the generator 3. advanta-
geously consists of tungsten, at least on the annular face 40
facing the region 20 of the male mould half 2. This is
advantageous in case the slightest deposit should occur on
the contact lens later manufactured with that mould half. By
selecting tungsten, reaction of the eye is then avoided.

F1G. 8 shows an injection-moulding machine M with
which the mould halves are made. The “core” of the machine
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is shown schematically in FIG. 9 since it illustrates the first
process step in the manufacture of contact lenses. There, the
two mould halves, the female mould half 1 and the male
mould half 2, are manufactured with the aid of the corre-
sponding mould inserts F1 and F2. respectively. The male
mould half is subsequently subjected to corona treatment,
with only the region 20 outside the optically active region of
the contact lens subsequently manufactured by means of that
mould half being pre-treated.

Subsequently, as shown in FIG. 10, a specific amount of
a polymerisable material is dispensed into the female mould
half 1 by means of a dispensing device 6 and then the male
mould half 2 is put on and the mould is closed (FIG. 11). The
moulding cavity 12 formed between the moulding surfaces
of the two mould halves 1 and 2 defines the shape of the
subsequently formed contact lens. As the mould closes. any
excess unpolymerised contact lens material is pressed into
an overflow 11 provided on the female mould half 1.

Subsequently. the closed mould together with the unpo-
lymerised contact lens material enclosed in the mould is
exposed to light from a light source 7, at least in the region
of the moulding cavity 12 (FIG. 12). For that purpose. the
female mould half 1 must, of course. consist of a material
that 1s transparent to that light. Thus, at least the contact lens
material present in the moulding cavity 12 is polymerised to
form an as yet unhydrated contact lens CL. It is not
nccessary, however, for only the contact lens material in the
moulding cavity 12 to be polymerised; it is also possible for
any contact lens material present in the overflow 11 to be
polymerised. This is advantageous in the respect that, when
the mould is opened. the excess polymerised contact lens
material then remains in the overfiow 11 of the female mould
half 1. while the contact lens CL adhering to the male mould
half 2 can be removed and further processed together with
male mould half 2.

Before being opened. the mould together with the contact
lens CL inside it is placed while still closed in a tempering
oven for tempering and is tempered for a time at a tempera-
ture of approximately 120° C., whereby any stresses in the
material are relieved and the polymerisation is finally com-
pleted (FIG. 13).

Subsequently, the mould is opened. the as yet unhydrated
contact lens CL adhering to the male mould half 2. while
excess contact lens material (shown in FIG. 14), on the other
hand. remains in the overflow 11 of the female mould half
1.

The as yet unhydrated contact lens may then be dyed in
the ins region of the lens. for example by means of a tampon
8 (FIG. 15) provided with a dye 80. to produce a desired
perceived colour, but this is merely optional. The tampon 8
is for that purpose pressed onto the contact lens CL for a
defined period of time.

The contact lens CL adhering to the male mould half 2 is
then passed to a hydration device 9 where the contact lens
CL is detached from the male mould haif 2 and hydrated
(FIG. 16). This hydration device 9 may be in the form of a
magazine so that several contact lenses can be detached and
hydrated at the same time. This also applies to the other
devices described above.

It will readily be understood by one skilled in the art that.
instead of the male mould half 2, the female mould half 1
can also be pre-treated, which has the result that the contact
lens subsequently adheres to the female mould half 1. and
the female mould half 1 with the contact lens located therein
then has to be further processed.
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What is claimed is:

1. A process for the manufacture of contact lenses. from
a polymerizable contact lens material between two mould
halves. comprising the steps of:

a) pre-treating a moulding surface of one of said mould
halves. wherein the pre-treating step comprises the
steps of:

1) positioning said mould half to be treated between
two electrodes. wherein one of said electrodes facing
said mould half has an annular face which effectively
extends over a region that is to be treated and said
region is outside the optical zone of the contact lens
to be produced from the pre-treated mould half. and

2) applying a corona discharge such that the pre-
treating of said mould half occurs in said region to be
treated;

b) dispensing said polymerizable material into one of said
mould halves;

c) mating the mould half with the other mould half: and

d) polymerizing said polymerizable material located
between the mated two mould halves, thereby forming
an as yet unhydrated contact lens,

wherein the corona discharge pre-treating step is per-
formed in such a manner that. when the mated mould
is opened. the contact lens adheres to the pre-treated
mould half.

2. A process according to claim 1. which comprises
pre-treating the male mould half.

3. A process according to claim 1. wherein the unhydrated
contact lens adhering to the mould half is tempered in an
additional process step while the mould is still closed. the
mould is subsequently opened and then the mould half to
which the as yet unhydrated contact lens is adhering is
passed to a hydration station where the unhydrated contact
lens is detached from the mould half and hydrated.

4. A process according to claim 2. wherein the as yet
unhydrated contact lens adhering to the male mould half is
dyed in the iris region after opening of the mould.
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5. A process according to claim 4, wherein a dyeing
tampon method is used to dye the as yet unhydrated contact
lens.

6. An apparatus for the manufacture of contact lenses.
having a mould which comprises two mould halves. the
mould halves having a moulding surface each and enclosing
in the closed state of the mould a moulding cavity which
defines the shape of the contact lens, having a dispensing
device for feeding a polymerisable contact lens material into
the one mould half, having a light source for exposing the
contact lens material enclosed in the moulding cavity after
closing the mould to light. whereby the material enclosed in
the moulding cavity is polymerised and an as yet unhydrated
contact lens is produced. wherein a device for corona
discharge pre-treatment is provided which has an electrode
with an annular facing and pre-treats the moulding surface
of the one mould half in an annular region outside the optical
zone of the contact lens in such a manner that, when the
mould is opened. the contact lens adheres to the pre-treated
mould half without causing adverse effect on the optical
zone of the contact lens.

7. An apparatus according to claim 6, wherein the mould
half to be treated is the male mould half, and the annular face
of the electrode facing the moulding surface is concave.

8. An apparatus according to claim 6. which comprises a
tempering oven for the still closed mould with the unhy-
drated contact lens adhering to the one mould half. and a
hydration device for detaching and hydrating the as yet
unhydrated contact lens.

9. An apparatus according to claim 7. which further
comprises a device for dyeing which dyes the as yet unhy-
drated contact lens. adhering to the male mould half, in 1ts
iris region.

10. An apparatus according to claim 9, wherein the device
for dyeing comprises a dyeing tampon which can be pressed
onto the iris region of the contact lens in order to dye that
region.



	Front Page
	Drawings
	Specification
	Claims

